Background There have been no randomised controlled trials that specifically evaluate the effect of a comprehensive programme with multidisciplinary input on patients who have just been discharged from hospital after treatment of acute exacerbation of COPD (AECOPD). The aim of this study was to assess whether a comprehensive care programme would decrease hospital readmissions and length of hospital stay (LOS) for patients with COPD. Methods Patients discharged from hospital after an episode of AECOPD were randomised to an intervention group (IG) or usual care group (UG). The IG received a comprehensive, individualised care plan which included education from a respiratory nurse, physiotherapist support for pulmonary rehabilitation, 3-monthly telephone calls by a respiratory nurse over 1 year, and follow-up at a respiratory clinic with a respiratory specialist once every 3 months for 1 year. The UG were managed according to standard practice. The primary outcome was hospital readmission rate at 12 months. Results 180 patients were recruited (IG, N=90; UG, N=90; mean±SD age 74.7±8.2 years, 172 (95.6%) men; mean±SD FEV 1 45.4±16.6% predicted). At 12 months, the adjusted relative risk of readmission was 0.668 (95% CI 0.449 to 0.995, p=0.047) for the IG compared with the UG. At 12 months, the IG had a shorter LOS (4.59±7.16 vs 8.86±10.24 days, p≤0.001), greater improvement in mean Modified Medical Research Council Dyspnoea Scale (−0.1±0.6 vs 0.2±0.6, p=0.003) and St George's Respiratory Questionnaire score (−6.9±15.3 vs −0.1±13.8, p=0.003) compared with the UG. Conclusions A comprehensive COPD programme can reduce hospital readmissions for COPD and LOS, in addition to improving symptoms and quality of life of the patients. Trial registration number NCT 01108835, Results.
INTRODUCTION
COPD is a common disease worldwide [1] [2] [3] with significant morbidity, which incurs heavy use of healthcare resources. The prevalence of COPD varied from 11.4% to 26.1% in a multi-city study that surveyed the population with spirometry. 1 In 2005, COPD ranked second in respiratory causes for hospitalisation and inpatient bed days in Hong Kong. 4 In people >75 years of age, the hospitalisation rate for COPD was as high as 2225/100 000. 4 The cost of hospital admissions is substantial and is the single largest source of expenditure on patients with COPD. 5 Previous studies 6 7 have shown that pulmonary function and quality of life (QOL) are adversely affected by frequent exacerbations of COPD. It is thus important to develop strategies to prevent acute exacerbation of COPD (AECOPD) in order to improve QOL and reduce the economic burden of this group of patients to society.
Considerable efforts have been made by investigators to evaluate if various management programmes for patients with COPD can improve their QOL and reduce their hospital readmissions in different countries.
These interventions, including nurse-administered home care for AECOPD, [8] [9] [10] disease-specific self-management plans, 11 12 implementation of the chronic care model, 13 and home visits by respiratory health workers, [14] [15] [16] have had variable degrees of success. A recent meta-analysis of 26 trials with different programme designs in various healthcare settings, and with a follow-up
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▸ AECOPD incurs significant morbidity. For high-risk patients admitted for AECOPD, it is important to look for ways of decreasing recurrent admissions.
period of between 3 and 24 months, has suggested that integrated disease-management programmes improved diseasespecific QOL and exercise capacity, in addition to reducing hospital admissions and hospital days per person. 17 To the best of our knowledge, there has been no randomised controlled trial (RCT) that specifically evaluates the effects of a comprehensive programme with multidisciplinary input on patients who have just been discharged from hospital after treatment of AECOPD, although there are data suggesting that a post-AECOPD rehabilitation programme and self-management can help to decrease exacerbations and improve the QOL of such patients. 18 19 We have recently reported that patients who had undergone a 16-week comprehensive COPD care programme had fewer hospital admissions 1 year after the programme compared with 1 year before the programme. 20 We now report the results from an RCT to assess if a comprehensive programme consisting of multidisciplinary inputs from doctors, respiratory nurses and physiotherapists that provided an individualised care plan for each subject would decrease the readmission rate of patients with COPD who had just been discharged from hospital after treatment for an episode of AECOPD.
METHODS
Patients who had been admitted with AECOPD to the Prince of Wales Hospital, a tertiary university-affiliated hospital, were screened for this study. The recruitment period was from June 2010 to June 2012. AECOPD was defined when a patient with background COPD 3 presented with at least two major symptoms (increased dyspnoea, increased sputum purulence, increased sputum volume) or one major and one minor symptom (nasal discharge/congestion, wheeze, sore throat, cough) for at least two consecutive days. 6 21 Exclusion criteria were: age <40 years; a diagnosis of asthma; chronic lung diseases other than COPD (eg, pneumoconiosis, pulmonary fibrosis); very severe medical illness that would affect the patient's ability to participate in this study (eg, terminal malignancy); and unable to give informed consent. Patients were invited to return to our research clinic for baseline assessment at about 3-4 weeks after hospital discharge. The Joint Chinese University of Hong Kong-New Territories East Cluster Clinical Research Ethics Committee approved the study (CREC 2008 .442-T). The study was registered at ClinicalTrias.gov (NCT 01108835). Informed written consent was obtained from each subject.
Patients were randomised to either an intervention group (IG) or a control group (usual care group (UG)).
Intervention group Baseline
Patients were interviewed by a respiratory nurse and given education in two 1-hour sessions (individual education sessions including anatomy and physiology of the respiratory system, pathophysiology of COPD, smoking cessation, technique of using medications, dyspnoea management, nutrition, selfmanagement and exacerbation-reduction skills, coping with psychological distress and relaxation techniques, social and community support, and, if appropriate, knowledge on long-term oxygen therapy). All patients were also assessed by a physiotherapist who educated them on exercise benefits and strategies, breathing and sputum-removal techniques, and energyconservation techniques. The physiotherapist provided every patient with an individualised physical training programme to perform at home or a short course of outpatient pulmonary rehabilitation (PR). The patients were assessed by a respiratory physician who adjusted their medications and also managed their COPD according to international guidelines. 3 In addition, patients were provided with a telephone number which they could call to seek advice from our respiratory nurse during office hours if there was any concern about their disease. After office hours, questions were recorded on the answering machine and a return phone call was made by the nurse the next working day. Arrangements could be made for a patient to see a respiratory physician as an outpatient if necessary.
Subsequent intervention
Patients received 3-monthly telephone calls from a respiratory nurse for a period of 1 year to assess their condition and to answer any queries. Patients were also followed-up in the respiratory research clinic by a respiratory specialist once every 3 months for 1 year.
More details of the interventions are available in the online supplemental file.
Usual care group
The control group was managed with the usual care. The attending physician determined the patient's medication and follow-up as per normal practice (eg, continued follow-up by the patient's original doctor/clinic appointment), and underwent baseline assessment and a 12-month assessment.
Randomisation
The randomisation method is shown in the online supplementary file.
Assessments
The assessment plan was the same for the intervention and the control group. Demographic data on the patients were collected at baseline. Lung function ( pre-and post-bronchodilator) was determined according to the American Thoracic Society (ATS) and European Respiratory Society (ERS) standards. 22 The updated predicted spirometry values for Hong Kong Chinese was used to calculate the predicted lung function. 23 The Modified Medical Research Council Dyspnoea Scale (MMRC), 24 6 min walk test 25 and St George's Respiratory Questionnaire (SGRQ) 26 were conducted at baseline and 12 months. Subsequent hospital admissions and mortality were recorded after the baseline assessment over a period of 12 months. Exacerbations that required treatment with a course of oral steroids or antibiotics, Accident and Emergency Department visits, and hospitalisations were recorded. The information was obtained from the patients with verification from their medical records. Immediate family members were contacted by phone to check if the patient did not return for follow-up to see if they had died.
Owing to the nature of the intervention, this was an open study for the patients and therapists, but the research assistant performing the lung function, walking tests and questionnaire tests was neither involved in the delivery of patient care nor aware of the randomisation process.
Outcomes
The primary end point was the hospital readmission rate at 1 year. The secondary end points were QOL, mortality, lung function, and exercise capacity at 1 year.
Statistical analysis
Details of sample size calculation are shown in the online supplementary file. Data were analysed by SPSS V.21.0. Analyses were conducted according to the intention-to-treat principle. Hospital readmissions are presented as the incident rate (mean readmissions per person year). Negative binomial regression was used to compare the relative risk (RR) of readmissions between groups with adjustment of baseline characteristics (age, gender, length of hospital stay on the recruitment admission, 6 min walk test, postbronchodilator FEV 1 % predicted and number of exacerbations in the 12 months before recruitment). Comparisons of the differences at baseline and 12 months between intervention and control groups on hospital readmissions, QOL, lung function and exercise capacities were performed using the Mann-Whitney U test. The baseline values of subjects who died before the 12-month end point or refused to return for follow-up were carried forward for the analyses. Survival analysis was performed using the Cox proportional-hazards model and log rank test. Data are presented as mean±SD, number (%) or median (IQR), and p<0.05 was considered significant.
RESULTS
Altogether 180 subjects fulfilled the inclusion criteria and were randomised for this study. Figure 1 shows the flow of the patients. Ninety subjects were randomised to the IG and 90 to the UG. At 12 months, 73 and 69 subjects returned for assessment in our research clinic. Ten and 12 subjects in the IG and UG, respectively, had died at 12 months.
The demographic data of the patients are shown in table 1. There was no difference in the demographic characteristics between the IG and UG. The mean±SD FEV 1 % predicted of the IG and UG were 46.7±18.3 and 44.2±14.7% ( p=0.324), respectively, and most subjects had global obstructive lung disease (GOLD) 3 stage II or III lung function by spirometry. In the IG, only 64 subjects (71.1%) attended the physiotherapy sessions, and the mean number of sessions for those who attended was 4.1±5.4 (median 1, IQR 6).
Readmission of the subjects presented as the incidence rate (mean readmissions per person time) and length of hospital stay of the patients at 12 month follow-up are shown in table 2.
In the IG, 22 (24.4%), 10 (11.1%) and 12 (13.3%) patients had been readmitted for AECOPD 1, 2 and 3 times, respectively, at 12 months, while for the UG, 20 (22.2%), 18 (20%) and 25 (27.8%) had been readmitted 1, 2 and 3 times, respectively, at 12 months. At 12 months, the IG had a lower RR of readmission and shorter length of hospital stay for AECOPD than the UG. The incident rate for readmission for the IG and UG were 1.24 and 1.85, respectively, with an adjusted RR of readmission of 0.668 (95% CI 0.449 to 0.995, p=0.047) for the IG compared with the UG (the unadjusted RR of readmission was 0.651 (95% CI 0.442 to 0.959, p=0.030)). A Kaplan-Meier plot of the patients' first readmission for AECOPD is shown in figure 2 . Subjects in the IG had a significantly longer period of time between readmission and recruitment than those in the UG (p value of log-rank test=0.003). Using the Cox proportionalhazards model, we found the HR of readmission for AECOPD of the IG compared with the UG to be 0.565 (95% CI 0.384 to 0.832, p=0.004).
Many patients had their medications adjusted in subsequent doctors' consultations during the study period. We retrieved the medications that the patients were taking during the last follow-up (at 12 month follow-up; for those patients who had died or defaulted follow-up, we took data from the last follow-up in the study period). In the IG, 63 (70.0%) subjects were on long-acting β agonist (LABA) at the last follow-up. When subjects on LABA at the end of the study were compared with those not on LABA, the adjusted RR of readmission for AECOPD at 12 months was 1.284 (95% CI 0.602 to 2.741, p=0.518). Concerning long-acting antimuscarinic antagonist (LAMA) use, 64 (71.1%) subjects were on LAMA at the last follow-up in the IG. Those subjects who were on LAMA at the end of the study had an adjusted RR for readmission of 0.803 (95% CI 0.412 to 1.566, p=0.520) in comparison with patients not taking LAMA in the IG.
For all the subjects in the IG, if they could not return for supervised physiotherapy, they were advised to follow a home Figure 1 Flow of the subjects.
exercise programme (see the online supplementary file for the training details). If we consider those who returned at least four times (mean number of attendances for those who returned for training) for physiotherapy to have some form of supervised outpatient PR, there was no difference in the adjusted RR of readmissions for AECOPD in those with supervised outpatient physiotherapy (n=30) versus those with home exercise (n=60) (adjusted RR 0.562 (95% CI 0.273 to 1.156, p=0.117).
The changes in lung function, 6 min walk test, MMRC score and SGRQ score at the 12 month follow-up from baseline for the subjects are shown in table 3. There was not much improvement compared with baseline in lung function in either the IG or UG at 12 months, and the two groups did not show any significant difference in the change in lung function at 12 months compared with baseline. The same was observed for the 6 min walk test (difference −10.0±61.2 in IG vs −22.5±71.4 m in UG, p=0.233). There was an improvement in MMRC score at 12 months when comparing the IG against the UG (−0.1±0.6 vs 0.2±0.6, p=0.003). On the SGRQ score, there was improvement in the symptoms domain (−10.2±22.5 vs −3.2±21.3, p=0.045), activity domain (−6.2±18.0 vs 3.6±19.4, p≤0.001) and total score (−6.9±15.3 vs −0.1±13.8, p=0.003) at 12 months compared with baseline but not for the impacts domain (−6.2±17.4 vs −1.1±16.6, p=0.075). There was also no change in the smoking prevalence in the IG at baseline and 12 months.
DISCUSSION
This RCT has shown that, in a group of patients who were recently admitted for AECOPD, a comprehensive, individualised care plan could decrease the hospital readmission rate and length of hospital stay at 1 year follow-up compared with subjects treated with the usual care. In addition, the dyspnoea score, MMRC, was improved at 12 months in the IG compared with the UG. Furthermore, the QOL of the subjects at 12 months improved and the total SGRQ score in the IG had a mean improvement of −6.9 points, which is higher than the 4-point cut-off for minimal clinical signficance. 27 Our respiratory nurses provided COPD education and 3-monthly phone calls to the patients to answer their queries and check their health status. We had offered some selfmanagement skills to the patients including how to use the medication and how to cope with symptoms, dyspnoea and psychological distress. However, we did not provide any written action plan or crisis pack such as oral steroids and antibiotics for self-treatment of exacerbations. A recent Cochrane Review found that self-management interventions (in the absence of supervised and effective exercise) in patients with COPD were associated with improved health-related QOL as measured by the SGRQ, a reduction in respiratory-related and all-cause hospital admissions, and improvement in dyspnoea as measured by the MMRC. However, heterogeneity among interventions, study populations, follow-up time and outcome measures makes it difficult to formulate clear recommendations regarding the most effective form and content of self-management in COPD. 19 In this Cochrane Review, only one 28 among the 23 studies involved patients immediately after an AECOPD. Another systematic review that examined the effects of selfmanagement alone delivered during hospitalisation for an AECOPD or within 1 month of hospital discharge found no effects on mortality rate, depressive symptoms, primary care usage or exercise capacity. Minimal effects were found on selfefficacy, anxiety symptoms, and health-promoting behaviour. 29 One of the components of our programme involved physiotherapist support for PR. A Cochrane Review of nine heterogeneous trials of peri-and early post-hospitalisation PR showed wide-ranging benefits, including a significantly reduced risk of readmission. 30 The results of that review have led to strong recommendations by the National Institute for Health and Care Excellence (NICE), 31 the British Thoracic Society 32 and ATS-ERS 32 for post-exacerbation rehabilitation. Our previous study showed that an early rehabilitation programme for 8 weeks after AECOPD led to improvement in QOL up to 6 months, but did not reduce healthcare utilisation at 1 year. 18 In the present study, although we had offered the rehabilitation Data are presented as mean±SD or number (%). GOLD, global obstructive lung disease; ICS, inhaled corticosteroid; LABA, long-acting β-agonist; LAMA, long-acting muscarinic antagonist (anticholinergic agent); MMRC, Modified Medical Research Council Dyspnoea Scale.
programme to the patients (which formally consisted of 2 hours of training twice a week over 8 weeks), only 71.1% of the subjects attended at least one session and the mean number of sessions attended was 4.1 for the attendees. A recent observational study reported that only 9% of people completed a posthospitalisation PR programme over a 6-month period. 34 From the patient perspective, a common reason cited for nonparticipation in PR was transport arrangement, particularly just after discharge when patients often reported feeling too ill and/ or breathless to engage. 35 As guidelines 36 suggest that 20 sessions of exercise training are needed to be effective, we are not sure about the effect of the exercise component in this multidisciplinary programme in decreasing readmissions and length of hospital stay related to AECOPD.
These patients were also seen by respiratory physicians, and the COPD medications were adjusted according to the GOLD guideline. 3 Since many patients were not on LABA and LAMA before joining the programme, optimisation of drug treatment might have played an important role in decreasing readmissions for AECOPD. A previous study has shown that tiotropium, in comparison with placebo, could provide benefit with sustained improvement in lung function, reductions in exacerbations and risk of exacerbation-related hospitalisations, and improvement in health status. 37 About 50% of our patients were not taking LABA at the baseline visit. A previous large-scale study has shown that a combination of LABA and inhaled corticosteroid (ICS) could decrease COPD exacerbations, but not mortality. 38 It is interesting to note that not all integrated COPD care programmes are effective. A recent multicentre, pragmatic cluster RCT in the Netherlands found that an integrated disease management approach delivered in the primary care setting led to no additional benefit compared with usual care in terms of QOL and COPD exacerbation rates of the patients when evaluated at 24 months. 39 Another study even found that a comprehensive care management programme could not decrease COPD-related hospitalisations and the trial was terminated prematurely because of the unanticipated excess mortality in the active arm. 40 A recent study found that a predischarge bundle intervention in AECOPD was not sufficient to reduce the 30-day risk of hospitalisations or emergency department visits. 41 Every intervention programme thus should have its effectiveness and safety tested, as different combinations of services may have different effects. In this trial, the mortality rate was similar between the PR and control group (11.1% vs 13.3%).
Direct comparisons between the usual care offered by Hong Kong and the UK would be difficult. In general, Hong Kong follows the GOLD guideline, 3 whereas the UK uses the NICE 42 Figure 2 Kaplan-Meier curve of the first readmission for acute exacerbation of COPD in the intervention and control groups. and the British Thoracic Society guidelines 32 for COPD care and PR. There is generally good agreement on treatment goals, criteria for diagnosis of COPD, and use of long-acting bronchodilators as the cornerstone of treatment among guidelines for COPD management, but the compliance with guidelines is low. For example, in Hong Kong, overall, long-acting bronchodilators and PR were offered to 16% and 5%, respectively, of those who had met the recommendations of the GOLD guidelines. 43 In the UK, COPD is not treated according to GOLD 3 and NICE recommendations 42 in the primary-care setting. Some patients receive no treatment despite experiencing symptoms. Among those on treatment, most receive ICS irrespective of the severity of airflow limitation, asthma diagnosis, and exacerbation history. Many patients on treatment continue to have symptoms. 44 One major limitation of this study is that it was a single tertiary centre study and involved patients with severe COPD who had just experienced an episode of AECOPD. It is uncertain if this comprehensive programme would be effective in other healthcare settings. As this was a multicomponent study, it would be difficult to assess which component had contributed more to the decrease in readmissions for AECOPD. There was no improvement in pulmonary function and 6 minute walk distance (MWD) when we compared the IG and UG. In the IG, those on LABA or LAMA appeared to have no decrease in readmissions over those not on these drugs. A multicomponent intervention was effective in decreasing readmissions for AECOPD and the reasons were not clear. Our subjects were predominantly male (over 90%). A previous study from Canada, which retrospectively reviewed data of patients admitted for AECOPD for the impact of a comprehensive and individualised care management strategy, found a reduction in 90-day readmission rate for AECOPD only in women, and not in men or the whole group. 45 Male and female patients with COPD might have different responses to multidisciplinary intervention and we were unable to assess the gender difference in our study as there were too few women. The interventions might be different among our patients in the IG. For example, physiotherapy was offered to the patients, but not every patient attended the sessions. Furthermore, we only followed-up our patients for 1 year; it is uncertain if the effect of this programme can be maintained beyond the follow-up period. Finally, costeffectiveness was not assessed in this study.
In conclusion, this RCT has shown that a comprehensive, individualised care plan can decrease hospital readmissions and length of hospital stay over 1 year in patients who were recently admitted for AECOPD, compared with usual care. Further studies are needed to test which component(s) would contribute more to the desired outcomes and to assess the costeffectiveness of such programmes for patients with COPD.
